Swanson et al., 1997). These data suggested that cAMP
. et al., 1990). Using primary cultures of NCSCs, we have investigated the specification of neurotransmitter identity by tranand 7F, arrowheads, and 7H, red and green bars). By contrast, when the ERPH virus was used, very little overscription factors and environmental signals and its relationship to neuronal differentiation. Evidence from both lap was seen ( Figure 7G, arrowheads) ; Յ2% of myc ϩ cells were DBH ϩ ( Figure 7H, blue bar) , and a similarly gain-and loss-of-function experiments supports a direct involvement of Phox2a (and/or Phox2b) in the regulow percentage of DBH ϩ cells were myc ϩ . As was the case for TH, the frequency of control GFP retroviruslation of TH and DBH gene expression in developing noradrenergic sympathetic neurons. In the presence of infected cells that were DBH ϩ (43.5%) was similar to the frequency of DBH ϩ cells in the cultures as a whole cAMP, Phox2a is sufficient to activate TH but not DBH. Nevertheless, Phox2a/b is necessary for the induction (36.7%; p Ͼ 0.05). Conversely, the percentage of DBH ϩ cells that were infected (27.5%) was not significantly of both genes by BMP2 plus forskolin. Unexpectedly, Phox2 proteins are also required for BMP2-induced neudifferent from the percentage of all cells that were infected (22.9%; p Ͼ 0.05). These data indicate that exronal differentiation, although Phox2a is insufficient to promote such differentiation on its own. Thus, Phox2a/b pression of DBH, like that of TH, is also blocked by the dominant-negative Phox2a construct.
Expression of Endogenous TH and DBH in Primary Neural Crest Cells Is Induced
participates in a regulatory circuit that integrates the influence of multiple extracellular signals to coordinate While conducting these experiments, we noted that crest cells infected with ERPH tended to have a flatthe expression of panneuronal and subtype-specific genes. tened, nonneuronal morphology ( Figures 8D and 8E ).
Double labeling with neuronal markers such as NF160 confirmed that ERPH blocked the induction of neuronal
Phox2 Proteins Are Direct Regulators of TH and DBH Expression differentiation by BMP2 in NCSC cultures, whether or not forskolin was added (Figures 8D-8F ; data not Previous studies of TH and DBH transcription have provided evidence that Phox2a and Phox2b can directly shown). In contrast, no such effect was observed with the GFP retrovirus ( Figures 8A-8C) or with the ER virus regulate these genes. Both the TH and DBH promoters Forskolin and Dex were purchased from Sigma and used at 5 M. Basic FGF was obtained from R and D and used at 10 ng/ml. GDNF was purchased from Promega and used at 50 ng/ml. signals that specify neurotransmitter identity to those that determine the neuronal fate.
Plasmid Constructions

